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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE RESTRICTS"  R3PORT 

WIND-TUNNEL INVESTIGATION OP CONTROL-SURFACE CHARACTERISTICS 

XXIII  -  A 0.25-AIRFOIL-CHOSD FLAP  »VITH TAB HAVING A 

CHORD TWIC3  THE  FLAP  CFORD  OK   AN NACA 0009   AIRF'OIL 

By M.   Leroy Spearman 

SUMMARY 

Wind-tunnel tests have  been made  to determine 
the  aerodynamic  section  characteristics  of an NACA 0009 
airfoil with a plain  flap having a chord 25 percent of 
the   airfoil chord end a balancing tab hr.ving a  chord 
50 percent of the plrfoi'l chord or 200 cercent of the 
flap chord 30  linked that  the  tab would deflect  at a 
given rate with respect  to the flap.    Three  linkage 
ratios wer-3  tested  on  the model. 

The tests   indicated  that  the   flap  and tnb could be 
linked to give  hin^e-moment  balance with flap deflection 
and with angle of attack  and yet hwe jrester lift 
effectiveness  than a plain flap of similar size with a 
conventional balancing tab having  a chord 20 percent 
of the  flap  chord    linked to p.lve hinae-moment balance 
with flap  deflection only. 

INTRODUCTION 

The problem of closely balancing control surfaces 
to reduce  the hinpe moments,   and consequently the  stick 
forces,  with  a minimum  loss   In  lift  due to the   ection of 
the balancing device  is becoming icici'^simfly import «it« 
An extensive  investigation of control-surface  character- 
istics  is  belnr conducted at the  Lan^lay Laboratory of 
the National Advisory Committee  for Ä-ronantics  In an 
attempt to solve  this problem.     A bri.'jf summfry of the 
characteristics  of 3orne  of the  balancing-tab  arrangements 
investigated to d9te is presented in the  following 
paragraphs. 

* 
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It is  suggested in reference 1 that 
overbalanced by  a  lrrga overhang with a  t 
the seme  direction as   the flap might prod 
small deflections.     This  err?.np einen t  *'?s 
L^nRley 7- by  10-foot  tunnel on   a Unite 
enoe 2)   and the results  indicated that ss 
cor.trol-surf PCO  chhracturistics  could be 
only  a smell flap-deflection ran?ea     Tne 
was   limited by tho  sir-flow separation wh 
protruded into the  air stream. 

a control surface 
eb deflecting in 
uce hi.di lift  at 
testc-d  In the 
spin  tail   (raf'sr- 
tisi'actory 
obtlined over 
flap deflection 
en  the  overhang 

Previous  testa   (reference  3) hfive  shown  that small- 
chord ploin  flrps   at high flap deflections  enn produce 
as much lift  es   larr/3-chcrd balanced flrps  at nornal 
deflections.     The hifh deflections  of  the  sm.-jll-ehord 
flans   ,?;&V'3  rjxeossive hiiiEe moments  for  Irr.ra  Flrplsnes, 
however,   end t sin« 11-chord   flap  combined with a   balancing 
device  thst would not ni-ctrude-,  into the   air stream or 
limit I'lpp  deflections  theraj'cro   appeared to be   a possible 
solution of this  problem. 

An   fnalye-ts   nressnted  in rafoi-enco 2.  indicated  that 
hin^e-Morcent balance with  flsp deflection  FS well PS vd.th 
anpie  of  stfcroV-  cnuM bo  obtained by  linking two flaps  to 
opfrFte in opposite directions with  the  chord of the 
lernen flfis  twice  the  chr.rd of  the smaller flap.     With 
this  ari'msreiaent  the smaller flap would produce  the  lift 
and the  larger flop,   linked to moves only slightly,  would 
serve  as   a balancing tab and trimming surface  und would 
not protrude   into the  air strewn  as  would  on  overhang 
balance.     The calculations  indicated thrt  this  fl-p 
arrangei.-ent,   linked  to  ^ive  corr.plete balance,  would have 
groeter*  lift off oietlvenosa   then   a  ul'-.in  fieri  of  similar 
size  with a conventional  balancing tab hpvlnp  a  chord 
20 percent  of the flr.p chord.     (See  tn'ulo  I.)     Another 
advtntfefo  of tri3  tyos of flap arrtngsmont  is  that  the 
weight of the  forward  flop mi^ht be utilized  i.s  a mess 
balance for  i.he   system,   tnd thus   the need  for  additional 
concentrated weights   nl^ht bo eliminated. 

The  parpose  of the rrasont invest!ration is  to 
determine  th';  characteristics   of a plain flap with  a   tab 
having  h. chord  twice   the  flr:p  chord  through  c wido  range 
of flop deflection   fjnd  rn^le   of attack and thus   to provide 
a check on the  analysis  of reference d. 

I- 

.^-;:;;-' J-:(^-VK%J% 1 
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C03FFICIEKTS AND SYMBOLS 

T-ie coefficients and symbols used are defined &3 
follows; 

&•••• 

i-k) Cj       airfoil section  lift  coefficient 
/ hf \ 

Ch«.    flap  section hinee-nomont coefficient  I 5) r VlCf^/ 

,   *t \ °ht    t^ section hlnp.e-inoti.ent coefficient i 51 

c^      section hinge-woment coefficient of flap  end tab 

corcbinstion  [ 0 i 
VqofV 

where 

I airfoil section  lift 

hf 

h 

c 

Cf 

ot 

q 

end 

ao 

6f 

8t 

flsp section hinge inotuent about point et distance 
from tfb hin^e  a»ia   (fig.   1) 

tab section hinge morc.ent about tab hinge  ßxls 

section hir.fze mcn.ent  of  I'lar   imd tab coinbinstion 
about point  s^t   .liEtcuce     d    from tab hinge   axis 
(fig.   1) 

chord of bsslc Airfoil 

fie? chord (0.25c) 

teb chord (0.50c) 

dynamic pressure 

angle of ottoclc for «irfoil of infinite aspect ratio 

flap deflection with respect to tab 

tab deflection with respect to line from tsb hinge 
line to pivot point of flap 

m/m 



I 

6t0 

d 

d« 

NAG A ARtt No.   L5325 

tab deflection with respect to airfoil when    5f = 0 

dist&nce from hinge  line of tab to hinge line of flap 

distance from hinge line of tab to pivot point of 
flap 

end 

6*o 
6f 

01 °6 
I 

/rtoh\ c^ = 'v^fjao 

Tho subscripts outside  the parentheses represent the 
factors held constant during the measurement of  the 
parameters. 

APPARATUS AND PROCEDURE 

Nodol 

The  2-foot-chord by U-fpot-span model  (flp,.   1) was 
tested in the LBriglf.y !+- by 6-foot vortical tunnel 
described in reference h r.nd vies mode of  laminoted 
roahoß&ny to  the flACA C009 profile.    The model was 9quipood 
with a 0.25c  ?lrp  and a 0.riOc or 2.0ücf    tab.    For  the 
gap-open test3  the s»apo between the  airfoil and the tab 
and between the  tab f^r.d the fl*;? wove O.OO^c.    Th1?  flap 
and teb wore  deflected in opposite directions  in a manner 
similar to thnt for convent ion ml balancing tabs by Means 
of the linkage  system shown schematically in figure  1. 
The model v;as   so  arranged that the position of the   flap 
pivot point could be moved upward, which in effect 
deflected tho tab upward rj°,  10°,  or 15°  (measured in 
each ease whon    Sf = 0°)  for trimrr.in<>    Tho range  of flap 

[- 

; * *>'•:•• • 
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deflection aval]able was net affected by changing the 
position of the flap pivot point. 

The flap deflection for any givon tab deflection 
can be obtained snalytically for each linkage.  If d 
and d'  are as indicetod in fipuro 1, 

tan  6f = 
sin £>)• 

— + cos 6t 
d • 

(1) 

and the ratio of tab deflection to flop  deflection is 

dot 
d5f 

JOB  5t - sr) Y 
! 1  - -Tj cos  6^ ! cos  6f 

(2) 

Regii'dlass  of  IVe   linkage   sysfcew: used,   the  hinge 
moment  of the flas  and t»b combination will be unchanged 

dot- 
provided  the v/sluö  of    -jn»-^    vimains unchanged.     In order 

to tust different fntes  of  ttb deflection,   the  distance  d1 

was  vfJPied.     Tab deflection   aid the rrLio  of   tab deflection 
to flap deflection,   as  calculated by equations   (1)   end   (2), 
are plotted   against  flap  deflection   for  three   link^os  in 
figure 2, 

Test Conditions   and Equipment 

The test3 were made  at  a  dynamic pressure of 13 pounds 
per square  foot,  which corresponds  tc   a   velocity of 
71 miles  per hour under standard  conditions.     The effective 
Reynolds number for maximum lift  cooffieients  for   those 
testa WGS   pp^ro/lraatoly 2.57  *  10".     (3ffeetJvo  Reynolds 
number =  test Reynolds nuwb&r  x  turbulence  factor.     The 
turbulence  factor for the Lsn-jlray I|.- by 6-foot vertical 
tunnel is   1.93«) 

The  airfoil jnodol when mounted in the  tunnel com- 
pletely spainod the  test section,     "v'j bh  tiiis   type  of 
installation,   two-dimensioricl flow is   approximated  and 
section  characteristics  of the modol  c.?n be  determined. 
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Tests  were made of the  configurations  indicated in 
table II.    The deflection rates  are f/iven for aero flep 
deflection.     Measupements were made  of the   lift,   dray, 
pitching Moment,   and flip hin^e moment but,   since   tLe 
prefect investigation is von corned nrinly vith lift  rnd 
hingo-moment  characteristics,   only values  cf  lift  and hinge 
moment aro presented. 

Corrections 

An experimentally determined tunnel correction was 
applied to the   lift.     The  rnerle of  attack and hinge 
moments wore  corrected foi" thi eff'jet of atreaniine 
curvature  jnducoci by th3  tunnel wallu  in accordance with 
a theoretical  analysis   siniler  to that pre:-'en tod in 
rfiforenci  5  f°r flnite-3*5sn models« 

The tunnel-wall corrections were applied in the 
following jptnnar: 

aQ = QoT +  (o.£loi.r  - 0.156ci„J 

cj = (0.965 -  |0.007clrp|) c7.T 

Oh = Chp + °-1052li'ciT 

where 

a0_    measured an^le  of attack 

5l>r measured lift coefficient 

cjni- measured lift coefficient caused by flep   deflection 
(measured arbitrarily  at    a^rr, ~.  -3°) 

chrp    KSi'-aured hinfs-monsnt coeff i cltmr, 

and    V    is   a  constant thab ia   a function  of each linkage 
arrangement and i s  river,   in  tho  frllowine  table; 

döt/c6f V 

-0.10 
-.15 
-.20 

-C.0323 
-.009k 

.005o 
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DISCUSSION AND fESÜLTS 

Theory 

The following nnalysls was originally presented in 
reference 2 but la repeated here, In slightly different 
form, for clrrity. 

In selecting the optimum size of balancing surfaco 
to uss in connection with  a  flfp,   the  lift  os well es  the 
hinge moments   of  the  bslrnciun surf ecu   and  the flap jr.ust 
bo considered.     It  is  shown  in reference 2  tht.t   the 
greatest  lift  offoctiv^ness  ir  obtained from E 0.^5C  flap 
with a 0.50c  tsb.     Reference 2 indicttes  elso  thet,   with 
this   arrangement,   the nini-a-morrent pfrsnetars  could be 
v\Filo  alncst zoro. 

The follov.in? ^enerci relations  can be f.-houn  to hold 
for wiy  two flaps hinged in sories where  the subscripts    t 
and    f    fire used  for the forward «id rearward flaps, 
respectively: 

d°o _ öOQ    öa^ d£t 

döf      6öf    £&t ö&£ 

dch _ *cnf + ^cht /£t\   ££t 

da0       c a0      Aao    \of/    ^ef 

dch _ 6chf + /^t\2 ä£t .Ocht *£t + ocht\ + £ 

döf      <J6f      \cf/    d6f \ö6t    d6f      ööf/     d 

in 

The solution  for 
dch 

Q5t 

d5f 

(3) 

(Ij.) 

(5) 

fros: squction   (5)  that results 

döf = 0    yields  two mots.     This  result  indicates   that 

there  are   two VP.IUSS  of rntio  of thh deflection  to   flea 
deb 

deflection  which will give    ^rgr: = 0.     One roob *;ives   e 

negative value  of x5' which corresponds to  the   errnn^e- 
ment  tested;   the   other root  gives  a positive    u§,     which 
indicates  that the  lift  co;nes frc:.i  the forvvrrd flsp end 
the balance  from  the  recr flap  ss  i.s  the caee with  a 
conventional  balancing tab.     (i?or  the  arrangement  tested, 
the normal tab  c<nd flap positions are reversed.) 
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The results obtsinod with equations (?) and (Jj.) are 
presented In figure 3 £or various values of the te'o-to- 
flap linkage ratio. The hinge-moment dote es presented 
in reference 2 were not corrected for the effect of 
streamline curveture rasulting froi.i the .iet boundaries. 
This sfcrcsn-.line-cui-VEture correction «rss applied to tha 
data of  reference 2,   ho.vevsr,   for the   computed curves  in 
figure   5»     Thy rBtio    -jjp;    was  varied  from 0  to  -0.25 in 
order to compute   the  aerodynamic  characteristics  presented 

06t in figure   3.     On  tho model tested,   the ratio    TT-
14
 =  -0.10, 

-O.I5,   and -0.20 ware used to ensure that the retlo  «it 
which  Ch„  and =h0 become z„ro could be found. 

Test Results 

Lift.- The  lift characteristics   are presented in 
figures J4. to 7 for 0.005c gaps  and figures 8 to 11 for 
sealed gsos.     The  lift p^rnn.etsrs   are given  i.i.  table  III 
raid  are  plotted  rj-einst  Hr.kpTcs ratio in  figure  12.     The 
parameters  werj luegaured  it     C7   = 0    since deflecting the 
tab for trimm ins shifted   the  curves  so tii^t   the   linear 
range  of coefficients occ.u-red tit  a higher  pn.cle  of  attack. 

Por all tab trim positions   the  rate  of change  of 
lift coefficient  vith fle-i deflection     cjg     increased  es 
the  linkere rr.tio decreased.     As would be expected,     the 
slope  of the   lift curve     cja     r^nfined  almost unchanged 
and consequently the  lift effectiveness  of  the   firp    a§ 
incra-jsed   OH  tho  linkage  ritio doers>;<sed.     The  fipp was 
fairly effective up  to deflections  of   ccout  20°   and tlie 
effectiveness   at  lr-rssr derivations  was   improved  as   the 
linkage ratio decreased.     3^i.J.ing tho  gaps  increased    oja, 

Deflecting  the  tab for trl.iur.ing nsd no effect en    cj0, 
cjg,     or    a.6,     but  the  lift  curved beoa/r.e  increasingly 
nonlinear in the negative   lift  ram-e   ca   the   tab was 
deflected more nayrtlvulv.     This effect i3  the result of 
air-flow  seuarotior.  that  is  proo-ifcly c°.used by  tho  break 
in the   airfoil contcur  at  ths  C.^Sc  st-;tio:i,  which results 
from def lee tine   tho  tab.     The  samo  effect 0:1  the   lift 
curves  cen bo seen  rs   the  csii.ber increases  for  airfoils 
having maximum camber nt  the  f-.'jCc point   (reference  6). 

Moving  tho  tab   trim position negatively shifted the 
lift  curves  so  that profiler ncps-.tive  lift,  which is 
desired for a horizontal tall near  the grcund,   could be 
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obtained in the  landing attitude.    This method of trimming 
is  about 75 percent  83  effective   as  ?n  adjustable  stobi- 
lizsr.    With the  tab deflected approximately -10° or more 
the elevator control through  the  deflection range  tested 
la   insufficient  for ebtlining zero  lift  for the horizontal 
tail,   unless   the  aurfeca  is   at  a positive   a.v?lo  of  attack 
(as when nser the ground).     This  ofCect would  he  important 
IT?  the  case  of a wave-off condition,   since  the   tab  trim 
portion would probably be  changed by a fairly alow 
mochanic.il method End the pilot mi,;ht not ha\/e  pdequato 
elevator control. 

Tb-3   characteristics for  a  0.20cf    conventional 
bsl^nci:.!,'::: tab wer a  computed  from equations   (5),   Ul)» 
and (5)   arid  srv  coinprrsd with tha  characteristics predicted 
for the 2.00cf    balpncinp tab In table  I.     As predicted 
by  the   analysis,     a5     for  the  2,006,,    balancing  tab is 
about 25 percent greet ei1  than  for  trie  G.^Ocf     conventional 
balancing teb  2 ln-ted  to .'-ive hinie-:i;o:i:ent balance   with 
flao deflection  oalj. 

Hin 50  :r.n!T.ir.ts.- Rln.;e-momorit  characteristics   are 
prsjjentso'TnT'ifruroa  1+  to 7  for O.OO^c  gaps   and figures  3 
to 11 for ;;eslnd gaps.     A list  of hinge-isoment parameters 
is  r-iven  in  table  III  and the variation of hin5e-rr.om5.nt 
parameters with linkaro  ratio is  shown in figure  1Ü for 
each tab trim deflection with the  ..^aps  open  and sealed. 
The variation  of hinfje-.nor.ont coefficient with lift coef- 
ficient for various  angles of attach at two tab trim 
settings  end two ratios  of  tab deflection  to   flr.p 
deflection with the  O.OO'jc gaps   and the  3c.al.3d ;;epa JS 
sho-ai  in fi gu.ro   1J. 

The hingo-moment curves  differ irons the  uuiu.1 hinpe- 
mcir.ont curve  in  that    v\.\„     becomes .sore ntcrly  i'.ero  (and 
in 3'iTte  c"!acs liven positive)  with  the   1'lsp deflected than 
with the  flap neutral.     The  values  of     cha     tended to 
become more negative  as  thu   linkage  r-Ptio    66t/o6f 
approached zoro.     Nearly complete  balcnce was  generally 
obtained at  a  ratio  of teb deflection  to   flap deflection 
of -O.I5,  which is  in  agreement with the   nnr.lysis  presented 
in reference 2  and  with  the  r=s.«ult3   rhovm  herein  in 
fipura   5. 

I- 

ThG  doer-cue  in     c •ne 
is  the  linkage  ratio  approaches 

zero i&   to be expected because   the   amount of balancing 
moment contributed   to the   flap by   tho   tab is  reduced as 
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the pivot point (fir.ed relative to main airfoil)  of the 
flop moves forward.    For each linkage ratio tine hinge 
moui'jnt caused by flap deflection becomes more negative 
rapidly at deflections  of about 10°  tor the 0.005c gaps 
and about 13° for the sealed rsps.    This efftsct is 
probably caused by »»lr-flow 3epertition over the  fiep,   as 
has been rensr^lly observed or. other  airfoils having 
highly balanced flaps.    Tor a linkage rr.tio of  -0.15 with 
the tab triTj.iod at »tsro,   the liin/e woments  ax-e vory 
closely belrnced for deflections up to about 10° or 15° 
throughout  the  anirle-of-attsck ranre. 

The. value of    cha    becomes more negative  as the 
linkega retio decreases.    This effect is   the result of 
the decrease in balrncinp in.oaiant produced on the  flap 
by the tab and also of the decrease in the   aiaount of 
flep area ahead o~ the fixed pivot point.     The balancing 
monentn decrease as tha pivot point of   the flop moves 
forward and the effect is  similar  to that of decreasing 
the size of an overhang balance. 

Qofleotinj- the  tab for trircriln;-. had little effect 
on    cha    Bn^    °^6    iteBaured  at the angle of zero lift. 
A.3 the  tab is deflectsd negatively,  however,   the hinge 
icoments boconu n.oro closely balanced at higher positive 
angles of attack.    With this  arrangement,higher lift3  at 
larre  angles  of attack could be ootained with le33 hinge 
moment than could be obtained v;ith the tab trimmed r.t 
zero.    Such a variation is dssirable for lend Inc. when the 
present syst^rr. is used  is  an elav-.tor,   or for trimming 
the    ya'vin.v morent due to slipstream rotation when it  is 
usod 83   P rudder  an ein.rlu-sn-inu  r,irplnii03 if tho rudder 
deflection and an;rlo  of  .-ttac'-:  ere of opposite sign. 

r. 

3ealin? the fj 
positive voiuj of 

r.pr  (fi<;.   12)  penerelly rlvos  a more 
ch«     ^or '-Ilitiai tab trim deflections ^6 

Säellnv the of both 0° and -15°. Tho effect on cha 
gaps was not consistent, however, nines tho Increment was 
negative for 6*. = 0° £nd oositive for 6t_ = -15°. 

CONCLUSION 

Testa wore made of an KACA 0009 airfoil with a flap 
having a chord 25 percent of the ?.irfoil chord (0.25c) 
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and e tab having a chord 200 percent of the flap chord 
(<2.0Gcf).    The  following conclusions were Indicated: 

1. A flfip with a 2.00cf    balancing tab could 
produces hlnge-niojuant  baltnce  viith both pnn-le  of   attack 
and 11H;I deflection r.nd yet ha o n;ref-:.tsr lift effectiveness 
th.^r.   a fls-o  of simile? size equipped with a O.ÜOcf con- 
ventional bfil«ncln[? teb linked to rive hin^e-moment 
balance with flep  deflection  only. 

2. Deflsctlnfj  the   ttb  for trunrniriK KM   r-bout 
73  Percent aa     effective  C3   an  ?uju::ts.ble  st-ibillzer. 

3. The most nearly  comolete h.vlancu was  obtained 
at  e rstio of  teb deflation  to fl,-»o deflection equal 
to -C.l1!,   to h?.d boon  Indicated by  *  previously published 
analysis. 

1+.     Sesllnp- both g«äps  $enerslly lucre f.aed  the   slope 
of the  lift curve    cja    &nd the  lift effectiveness  of 

(in     snd ?;«i^e inorfc  positive vr.lues  for tha rate 
of change  Ci  hlng-ä-momjtit COüfTiclent with fl.-.p 
the flan 
of Chang 
deflection =h6. 

5«     With  the  tab dot'lee tod n.j./'-tivj] y   for triir,   the 
hinge uioiuunts were  cloajly bfilrncici st h*.;;h positive 
fciffles  of attack, whl ch ia deaix-able for the  lending 
condition. 

Lsngley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Lentsloy i'Jeld,   Vi. 
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TABLE I 

COMPUTE© CHAHACTSSISTICS  OP A 0.25c FLAP WITH 

A 2.00cf     ANJ A 0.20cf    TAB 

13 

I 
«i 

TABLfi   II 

TAB TRIK P03ITICM3  AMD DäFLiSGTIOK   KAI33  TESTED 

6t0 
(des) 

o6t/ö6f Gaps Fi,-:'.; re 

0          i      -0,10 0LJ"n t(«0 
0 -.15 i(b) 
0 -.20 ! v/(c) 

-5 -.10 5(f) 
-5 -.15 .L(b) 
-5 -.20 Y(c) 

-10 -.10 6(a) 
-10 -.lr, ! (b) 
-10 -.20 \/(c) 
-15 -.10 7(*) 
-l'> -.IS 1(b) 
-15 -.20 \/ v(c) 

0 -.10 Soai-d 0(a) 
0 -.15 1(b) 
0 -.20 \!/(c) 

-5 -.10 1 9 
-10 -.10 10 
-15 -.10 i 11(a) 
-15 -.15 I 1 (b) 
-15 -.20 Mr \Kc) 

HATIOiTAI.  ADVISORY 
'C0MHITT33  FO.'t  A3R04AUTICS 



Ik '    TABLtä III .-;.CA A3ü   To.   L5>"r25 

LIFT AND HINaS-VOMSNT PAHAMSTSriS FOR A 0.25e PL«IN 

FLAP WITH A 2.00cf    TA3 ON  Ali WAS A GOOy AIRFOIL 

IN  THE LANGLSY )+-  EY 6-FOOT VS'TICAL TITNM3L 

•I 

\ 

ConflijiirBticn    i 

** ^Öt/Ö6f 
oö °-h 

Gsps  open 

0 -0.10 
0 -.15 
0 -.20 

-5 -.10 
-5 -.15 
-5 -.20 
10 -.10 
10 -.15 
10 -.20 
15 -.10 
15 -.15 
15 -.20 

0.0570 ! -O.lj.0 
•0J20 ' 

.03i>5 
• ov;o 
.0275 
.0370 
.051+0 
.0270 
.0360 
.0520 
.0275 

'I ••N'I 

..1+1 

..50 

..51 
-.1+0 
-.37 
..•;q 
-06 
• • ;•'!- 

..29 

-0.0015 i 
.0007 I 
.0014 

-.0006 
-.oocs 

. ool+f+ 
-.0016 

. 0007 
,00i+2 

-.0022 
. 0VJ05 
. OOlrl 

•O.OOJo 
.0001+ 
.OOi+9 

-.001+2 
-.0001+ 

-.ool+o 
.0010 
.oo!+3 

-.0051+ 
0 

.coi+5 

0 
0 
0 

-5 
-10 
-15 
-15 
•15 

Gcps   scaled 

-0.10 
-.15 
-.20 
-.10 
-.10 
-.10 
-.15 
-.20 

0.0)+10 i -0.1+2 -0.OOI8 -G.OO26 
.0305 ! -.1+0 .000$ .C011+ 
.0350 i -.56 

-.kO 
. 00L.0 .0051+ 

.05^5 J -.0016 -.005,2 
" • l-h ^ 0 -.0011+ 

.d+£0 _   !   > -.0018 -.003b 
• 0';30 j -o9 .0012 .0007 
.051+5  1 -.55 .COi+5 

NA^.TOKAL  ADVI30KY 
C0WU7TA3 "OP.  A":"KA'AUTIC3 

T- 
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Fig.   la-c 
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fixed relative 

to main port 
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(c)   Definition   of deflection   symbols 
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*» '-^r^FLfJ^Jk t&vMrSr various deflect.-., 
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Fig.   2 NACA ARR No.   L5G25 
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Figure 2.- Characteristics of linkage tested 
on the NACA 0009 airfoil with a 0.25c 
flap and a 2.00cf tab. 
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NACA ARR No.   L5G25 Fig.   3 
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Figure 3. - Comparison of the aerodynamic char- 

acteristics of the 2.00 Cf tab on MAC A 0009 airfoil 

obtained from experiment and from calculations. 



Flg.   4a NACA  ARR No.   L5G25 

3 
o 

i 

-ao   -i6 it -12     -6     -4       O       4       8 
Angle of attack, &.01 deg 

(a) Gaps,0.005Ci St0-CP, dit/d&r -0.10 . 
Figure   4.-   Aerodynamic section characteristics of 

an HACK 0009 airfoil having a 025c flap and a Z.00cf 

tab with various   linkages. 



NACA  APR No.   L5G25 Fig.   4a Cone. 
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Fig. 4b NACA ARR No. L5Q25 

\ 

.58 

0 

-m 

-.08 

T/2 

IA- 

12 

1.0 

A 

6 

.4 

.2 

0 

J& is 
tiLIP <0 
*v< 3^3^^^"^   ^ 

—30\\-   -"^w \j£h 
V       ^ —3E-- 
\\         >-- -3^ 1 
i-fe-^z: 1 
\   /. if *"s _—,''- <a< ?9> 

„H if   " 
Hfc '25 

•751 

-\(deg) (/ 
•   30       . V/ hr 

"   »   25                                        j 
>/ 0 ̂  

o   10                                           fp r/ / >— 

' "             M 6 / 

-_D '?     ._- . ^ffi /, ( 
a  *                  iWO1/ °   °                 i?//^ 

-H^^Zfl MWZ Jfrtt-i Mf /       1 ' 
jM/7/    ~1 

j/'f) / 
Jlttt- tw-7- J> / / *   y 

A*&&Tt Z%Lf±- 
«u awn X '-J   LL DDMH riiE 

A^7     - H^/± 
-/6 -/2     -fl      -4       0       *       6       /2 

Angie of ottoch,CK0,deg 
(b) Gapi.QQOSc, 6t0« O'i iSt/iif • -0.15. 

Figure 4.- Continued. 

16 



NACA  ARR  No.   L5025 Fig.   4c 
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Flg.   Sa NACA ARR No.   L5G25 
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(a)   Gaps,0.005c ,&t0 - -5° ; bk/»Sf>-Q.I0. 
Figure   5.~  Aerodynamic section characteristics of an 

NACA 000b airfoil having a 025c flap anda 2.00cf tab with 
various  linkages. 
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Fig.   5b NACA ARR No.   L5G25 
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Figure 5- Continued. 
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NACA  ARR No.   L5G25 
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Fig.   5b Cone. 
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Fig.   5c NACA  ARR  No.   L5G25 
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NACA ARR No. L5G25 Pig. Sc Cone. 
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Fig.   6a. 
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Figure 6- Aerodynamic section characteristics of 
an NACA 0009 airfoil having a 0.25c flap and a 
2.00Cf tab with various linkages. 
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Fig.   6b NACA ARR No.   L5G25 
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Figure 6- Continued. 
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Fig.   6c NACA  ARR No.   L5025 
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Figure 7.-  Aerodynamic section characteristics of 

an NAC4 0009 airfoil having a 025c   flap and    a 
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NACA  ARR  No.   L5025 Fig.   7a Cone. 
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Fig.   7b NACA ARR No.   L5G25 
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